The main aim of this study was to investigate the effect of alginate coating without or with lycopene at levels of 0.5, 1, 1.5, and 3% on the quality of rainbow trout stored under refrigerated conditions for 16 days. Samples coated with alginate with or without lycopene showed significantly lower free fatty acid (FFA) and total volatile basic nitrogen (TVB-N) values compared to uncoated (control) filets, particularly after day 4. Moreover, significant differences (p \ 0.05) were observed between the coated samples containing lycopene and samples not containing lycopene on the last day. In relation with pH, none of the treatments resulted in significant differences. In regard to oxidation parameters, the effect of alginate-lycopene coatings was only seen on day 16 of storage. In general, although alginate-lycopene coating had no significant effect on the reduction of thiobarbituric acid and peroxide values, it succeeded in decreasing the TVB-N and FFA values.
Introduction
Food materials, owing to their nature, are at the risk of physical, chemical, and biological contamination during storage. Sustainability and quality of food depend on chemical composition (proteins, lipids, carbohydrates, and water) and environmental and technological conditions. Fish is a perishable food product. Fat oxidation in fishes, particularly in fatty fishes such as salmon, can be considered as one of the main reasons for quality diminution [1] and can be one of the biggest concerns regarding marine products [2] . Fish oil is very sensitive and vulnerable because it contains a significant amount of polyunsaturated fatty acids [3] . This can result in bad odor and taste, color changes, changes in texture, reduction in water retention capacity and nutritional value, and production of compounds that may be toxic [1] . Given the high nutritional value of fish, preventive strategies should be considered to increase the shelf life and prevent the oxidative corruption of fish.
In this regard, food packaging and edible coatings can maintain the quality of foods for their preventive and inhibitory properties [4, 5] .
Food coatings are often made of natural substances such as proteins, polysaccharides, and fats. They are used alone or in combination with other materials as a thin layer on the surface of foods. The use of such coatings, besides preserving the quality, minimizes the risks of chemical additives in packaging and pollution caused by packaging waste [6] .
Sodium alginate is a linear, water-soluble polysaccharide and a derivative of alginic acid extracted from brown algae. Alginate, owing to its properties of biodegradability, eco-friendliness, sustainability, and production of elastic gels in the presence of polyvalent cations, has been focused on in the food industry [7] .
Because of the high ability of alginate for forming films, it can be suitable for use as a food coating. Moreover, the presence of antibacterial and antioxidant materials can improve the preservative properties. Antioxidants are added to foods as coating to inhibit the oxidation of lipids [8] . In this study, we incorporated lycopene as an antioxidant agent into an alginate solution to produce a protective coating against chemical changes.
Materials and methods

Fish preparation
Rainbow trout with an average weight of 300 g were purchased from fish farms located in the Center of Artemia and the Aquatic Animals Research Institute, University of Urmia, and immediately transferred to the chemical analysis laboratory. The fish were beheaded and fins were removed. Then the fish were fileted after processing. The filets were divided into six groups. The groups included the control (no cover), treatment with alginate coating without lycopene, treatment with alginate coating containing 0.5% lycopene, treatment with alginate coating containing 1% lycopene, treatment with alginate coating containing 1.5% lycopene, and treatment with alginate coating containing 3% lycopene.
Preparation of coating solution
To prepare the coating solution, 4 g of sodium alginate powder, 0.2 g of calcium chloride (Sigma-Aldrich Co., LLC, St Louis, MO, USA), and 200 mL of distilled water were mixed into a sterile breaker at a temperature range of 55-60°C and stirred for 10-15 min until a favorable transparency was achieved (the alginate solution volume was equal to 209 mL) [7] . In a separate sterile Erlenmeyer flasks, lycopene (Sigma-Aldrich Co., LLC., St Louis MO USA) was dissolved in the amounts of 1.11, 2.22, 3.31, and 6.63 g in the same solutions, including 10 mL of 20% ethanol and 2.0 mL of Tween 80 emulsifier (Scharlau, Sentmenat, Barcelona, Spain), and stirred vigorously [8] . Afterward, the lycopene solutions were added to four alginate solutions to produce 0.5, 1, 1.5, and 3% (w/v) final solutions. Finally, glycerol (Merck, Germany) was mixed with the final solutions at the ratio of 2% at 45°C for 15 min to make the appropriate mixtures [7] .
Addition of clay nanoparticles to the alginate coating Different levels of clay nanoparticles (1, 3, and 5% w/w) as supporting agents in reducing the penetration of oxygen were mixed with distilled water for the preparation of an alginate solution and stirred for 24 h [9] .
Filet treatment
After preparing the coating solution, fish were immersed in the prepared solution for 30 s. This operation was performed three times with an interval of 2 min and 30 s to allow the excess water to be dripped. After packing in polyethylene plastic bags, the filets were refrigerated for 16 days [10] and considered for chemical analyses.
Measuring fat oxidation parameters
The oil extraction step is necessary to measure free fatty acid (FFA), peroxide value (PV), and thiobarbituric acid (TBA). To extract the fish oil, the Bligh and Dyer method was employed [11] . One hundred grams of fish samples were cut and placed into the mixer along with 200 mL of chloroform and 400 mL of methanol and mixed well. Then, 200 mL of distilled water and 200 mL of chloroform were added in two steps and mixed again. The mixture was filtered using Whatman filter paper and separated via a separatory funnel. The permeates were then transferred to a rotary flask to evaporate the solvents and distillated water from the extracted oil.
Measuring free fatty acids
This test was performed as described by Egan et al. [12] . First, 50 mL of the solution (equal mixture of 96% ethanol with diethyl ether in terms of volume) was added to the sample, and then 1-2 drops of phenolphthalein were added to the mixture. Afterward, the solution was titrated with 0.1 N NaOH. FFAs were calculated using the following formula:
where V is the consumed volume of NaOH, W is the weight of the oil, and N is the normality of NaOH.
Determination of peroxide value
PV was measured according to the method of Egan et al. [12] . First, 25 mL of the solvent (a mixture of chloroform and acetic acid in a ratio of 2:3) was added to the sample. Then, 1 mL saturated solution of potassium iodide was added to it and placed in the dark for 10 min. Next, 20 mL of distilled water and 1 mL of a solution of 1.5% starch were added. The mixture was titrated with 0.01 N sodium thiosulfate. A test was also performed without the oil and PV was calculated using the following equation:
where PV is the milli-equivalent g of free iodine per one kg of fat, V 1 is the consumed volume of thiosulfate, V 2 is the consumed volume of thiosulfate for the test without fat, W is the weight of the fat, and N is the normality of the sodium thiosulfate solution.
Measurement of total volatile basic nitrogen
The total volatile basic nitrogen (TVB-N) was measured according to the method of Douglas et al. [13] . Ten grams of minced fish meat along with 2 g of magnesium oxide and 300 mL of distilled water were heated in the kjeldahl flask. The vapor was condensed into a flask containing 25 mL of boric acid and a few drops of 2% methyl red. The collected solution was then titrated by 0.1 N sulfuric acid. TVB-N was calculated according to the following Eq. (1):
where V is the consumed volume of sulfuric acid.
Measurement of thiobarbituric acid
TBA was measured according to Kirk et al. [15] and colorimetric methods. Two hundred milligrams of fish oil were transferred to a 25 mL flask and then brought to volume with butanol-1. Next, 5 mL of the above mixture was entered to a dry, tightly closed pipe and 5 mL of TBA reagent was added. The tightly closed pipes were placed in a water bath (Ecotecs/c08v) with a temperature of 95°C for 2 h and then cooled to room temperature. Then, the absorbance value was read by a spectrophotometer (As) at 530 nm against distilled water (Ab). The TBA (mg malondialdehyde per kg fish oil) was calculated using the following equation:
TBA value ¼ ððAs À AbÞ Â 50Þ=200
pH measurement
Twenty grams of fish filet were mixed with 100 mL of distilled water in a mixer. The obtained mixture was filtered through the filter paper to remove the excess parts of fish flesh. Then, the pH was measured using a pH meter (crison GLP 22?), which was previously calibrated by 4 and 7 standard buffers [14] .
Statistical analysis
Data analyses were performed using SPSS (version 16.0 for Window, SPSS, Inc., Chicago, IL, USA). All data were subjected to one-way analysis of variance (ANOVA) to evaluate the effects of the experimental conditions. The normality of data was tested using the KolmogorovSmirnov test. Data were then subjected to Duncan's post hoc test. Differences were considered statistically significant at p \ 0.05.
Results and discussion
The amount of free fatty acids
Our results showed that the amount of FFA increased with the increasing duration of fish preservation in the refrigerator. Figure 1 shows the results of this parameter. The highest and lowest amounts of FFA were related to the control group (uncoated samples) and treated group coated with alginate containing 3% lycopene, respectively. The figure shows significant differences (p \ 0.05) between coated samples containing lycopene and other groups on days 8, 12, and 16. The same condition was established between the control and coated samples without lycopene on days 12 and 16. Moreover, differences among the samples containing lycopene were less and probably insignificant. Although FFA production is not the only index of reduction in the nutritional value of food, its evaluation is of importance in the study of fish spoilage [16, 17] . This is related to the peroxidant effect of FFA. Besides, FFA compared to larger fat molecules (i.e., triglyceride and phospholipid) are smaller in size and have higher oxidation rates [16, 17] . The formation of FFA occurs because of the catalytic activity of enzymes on the lipids (primarily lipase and phospholipase) [16] .
Based on these results, FFA increases with time in all treatments. This increase was intense in the control group, particularly on days 12 and 16. Therefore, the results demonstrated that the alginate coating successfully reduced the production rate of FFA in the fish filets. Our observations about the effect of sodium alginate were compatible with those of Li et al. They demonstrated that the release rate of FFA from lipid droplets coated with alginate and chitosan was significantly lower than that from control (uncoated lipid droplets) samples [18] . In another study, a 12-100% decrease in the release rate of FFA from lipid droplets encapsulated within alginate beads compared to uncapsulated lipid droplets was shown [19] . In addition, our results showed the positive effect of lycopene in the reduction of FFA; however, different percentages of lycopene showed similar results. Figure 2 represents the results of peroxide measurement. The results showed that the peroxide amount of all samples increased during storage. At the end of the storage period, although the lowest value was related to the treatment group containing sodium alginate coating with 3% lycopene, there were no significant differences (p [ 0.05) between the samples during the cold storage days (except for control samples on the last day).
Peroxide measurement
In the complex process of fat oxidation, unsaturated fatty acids act with molecular oxygen to produce free radicals. Fat peroxy radical (ROO°) is combined with other molecules to form fatty acid composition, free radicals such as hydroperoxide, and other free radicals. Repetition of this action may ultimately lead to the accumulation of hydroperoxides [20] .
Hydroperoxide is the primary product of lipid oxidation. As peroxides are compounds with no taste and odor, they cannot be noticed by consumers. However, these compounds cause the formation of secondary compounds such as aldehydes and ketones [21] .
Our observations showed no differences between all samples during storage (except for control samples on the last day). In general, this coating (lycopene) was not successful in the reduction of PV. Our observations were not in agreement with the results of Hamzeh et al. [22] considering that the PV results for the trout filets coated with sodium alginate and kept for 20 days under refrigeration. In their results, significant differences were observed between the coated rainbow trout with sodium alginate and control samples. However, the results of the present study corroborated the results of Ojagh et al. [23] such that no significant differences were found between coated (with chitosan) samples and control trout samples during cold storage.
Total volatile basic nitrogen
TVB-N chart results (Fig. 3) indicated that the index increased with the increase of storage time in the refrigerator. Moreover, after day 8, a significant difference was observed (p \ 0.05) between the control and other samples. The rainbow trout coated with alginate without lycopene displayed a significantly higher (p \ 0.05) TVB-N value compared to the coated samples containing lycopene. The filets coated with alginate lycopene were close to each other in terms of TVB-N values, and the coated samples containing 3% lycopene had the lowest TVB-N value.
TVB-N is an indicator to detect corruption in the meat and contains many volatile compounds such as ammonia basis, methylamine, dimethylamine, trimethylamine, and other similar compounds that are produced by microbial and enzymatic activities [24] .
Our findings were compatible with the findings of Song et al. [10] and Lu et al. [25] who showed a significant difference between control and fishes coated with sodium alginate in TVB-N values. These observations, likewise, were consistent with the findings of Hamzeh et al. [22] on the similarity of TVB-N in the trout filets coated with sodium alginate. Furthermore, the results of this research were in agreement with the results of Ojagh et al. [23] and Arashisar et al. [26] .
TBA value
The effect of different treatments on the TBA value is represented in Fig. 4 . According to this figure, increasing the storage time heightened the TBA value. The maximum index at the end of the storage period was related to the control group and the treatment group with alginate coating without lycopene, which had a significantly higher TBA value (p \ 0.05) compared to other groups. In general, concerning the coated treatments containing lycopene on days 0, 4, 8, and 12, no significant differences were observed or the differences very too low to be considered significant.
One of the indicators of secondary fat oxidation is TBA. The TBA test investigates the effect of lipid oxidation on foods by determining malondialdehyde (MDA) content. MDA is produced as a secondary product through the degradation of lipid hydroperoxides. However, according to Auburg et al. [27] , the MDA produced by oxidation can react with other compounds such as nucleic acids, phospholipids, nucleotides, proteins, amino acids, and aldehyde compounds; therefore, it is removed. In this case, TBA cannot be a precise indicator to measure the secondary oxidation of fat.
The increase in the TBA value of the treatments during storage can be attributed to the increase in the oxidation of unsaturated fatty acids, production of volatile metabolites in the presence of oxygen, and water loss in a part of the filet [28] .
Our results did not introduce the alginate-lycopene coating as an effective solution against MDA production. The same results were seen for PV; therefore, the prevention of lipid oxidation was not significant by such a coating.
Our findings were opposite to the results of Hamzeh et al. [22] and Lu et al. [29] in the trout and snakehead fish filets, respectively, coated with sodium alginate solution.
pH measurement
Changes in the pH value calculated during storage in the refrigerator are shown in Fig. 5 . According to the results, at the beginning of the storage period, the pH value decreased and at the end of the period, it increased. At the end of the refrigeration storage period, the lowest pH was related to the treatment with sodium alginate coating containing 1.5% lycopene. As it is obvious from Fig. 5 , the changes in the pH values for all treatments were small. The results showed that there were no significant differences (p [ 0.05) between all treatments, although control samples showed higher pH value compared to the other samples on day 8.
Changes in pH depend on seasons, species, and other factors. After death, when the blood circulation is cut off and the subsequent oxygen supply disrupted, the carbohydrates are stored as glycogens for the anaerobic decomposition and production of lactic acid in fish; therefore, pH of tissues reduces. However, many researchers attribute the reduction of pH to the dissolution of CO 2 in the filet [24, 30] . On the other hand, increase in pH is related to enzymatic and microbial activities followed by the decomposition of amine compounds (a TMA to TMA) [31, 32] . Our designed coatings could reduce the pH values of filets; however, the reductions were not significant in comparison to uncoated treatments. The same results were The difference in the pH of breams (Megalobrama amblycephala) coated with alginate was insignificant compared to control samples in a period of 16-day storage in the refrigerator [10] .
